Theories of economic growth suggest that developing countries can start catching up, which occurs when a developing country narrows the gap in productivity and income vis-à-vis developed countries by borrowing these nations' technology through reverse engineering, foreign direct investment, or licensing (Gerschenkron 1962 , Abramovitz 1986 ). As a developing country catches up, however, and its economy approaches the technological frontier, it becomes more difficult for that country to maintain growth by borrowing other nations' technology. This paradox occurs not only because advanced countries might not be willing to share their technology any longer, but also because the technologies themselves become too complex to be reverse engineered. To sustain growth under such circumstances, developing economies need to become innovators rather than imitators (Kim 1997) . In recent decades, some newly industrialized economies have done just that by shifting their bases of competitive advantages from low-cost inputs, such as cheap labor, to technology and brands (Hobday 1995, Porter and Stern 2003) .
One organizational form, the business group, has influenced the development of many emerging economies. Several scholars, using mostly anecdotal evidence, suggest this form may have aided significantly the imitatorto-innovator transition (Kim 1993, Amsden and Hikino 1994) . Others argue that business groups can create value by substituting for institutions that are taken for granted in developed countries (Leff 1978, Khanna and Palepu 1997) . It is unclear, however, when and how business groups have facilitated such innovation.
One way to address this question, which the innovation literature has generally ignored (Coriat and Weinstein 2002) , is to examine the interaction between organizations and their institutional infrastructure. More specifically, this literature has not indicated how institutional infrastructures might moderate the innovativeness of different types of organizations. The possibility that they do moderate innovativeness is consistent with the comparative institutional perspective, however, which provides a way to understand the interactions between organizations and institutions over time (Hamilton and Biggart 1988 , Dobbin 1994 , Orru et al. 1997 , Guillén 2001 . For instance, Hall and Soskice (2001) argue that distinct institutional setups, such as coordinated economies in which firms generally use nonmarket modes of coordination to organize their activities and liberal competitive economies in which firms use markets to organize their endeavors, are conducive to different types of innovation. This perspective complements the perspective offered by some scholars of national innovation systems, who observe that each country is unique in the types of innovation-supporting institutional infrastructures and the types of innovative organizations that it has (Nelson 1993) . The possibility that the ideal type of organization may vary across institutional contexts has important implications for emerging imitator economies that are trying to become innovators. Given the research gaps described above, we explore the following questions: First, to what extent do business groups contribute to affiliate firms' (henceforth, affiliates) innovation across countries that have different institutions, and how do business groups' impacts on innovation change over time as these institutions evolve? This question sheds lights on an understudied issue in the innovation literature: How does the efficacy of a particular organizational form as an innovation agent vary across different institutional contexts? Second, we consider which of the mechanisms used by business groups actually promote affiliates' innovation. By exploring this issue, our study complements research into how a business group's structure affects its affiliates' financial performance.
To address these questions, we adopt the comparative institutional perspective. We examine the impact of business group affiliation on individual firm innovation in South Korea and Taiwan, which have transitioned from imitation to innovation, despite their different institutional environments. Our approach answers the calls for work that examines the interactions between organizations and institutions in innovation research. It also highlights how business groups' role as a microeconomic agent for economic growth may evolve as an country goes through different stages of development.
Business Group as an Innovation-Supporting Organizational Form
Institutional Infrastructure for Innovation The extant innovation literature focuses either on organizations or institutions; it rarely considers the interaction between the two (Coriat and Weinstein 2002) . The organization-focused approach looks primarily at the effects of firms' internal structures (e.g., organizational design, modes of coordination, incentive mechanisms, and labor relations) on innovation. This approach suggests that to innovate, an organization needs to have financial and human resources-and an appropriate organizational culture-which enables the organization to search for novel information and ideas. An organization must carry out trials of the technology it is mastering and create new skills and operational routines (Lall 2000) . It also requires access to a constant flow of ideas that can be recombined to create new ideas (Schumpeter 1934 , Weitzman 1998 ) and an organizational architecture that makes it possible to innovate not just once, but continuously (Brown 1991) . Similarly, new economic growth theory emphasizes how knowledge spillovers across firms inspire further innovation (Romer 1990) . Organization theory also emphasizes networks and social capital as conduits of knowledge flow and catalysts for innovation (Saxenian 2000 , Powell et al. 1996 . This approach opens the black box of the firm but risks treating firms as closed systems and technological innovation as the result only of what occurs inside the firm.
Conversely, the institutional approach suggests that a country's innovativeness is determined largely by the institutional context in which innovation agents, primarily firms, operate. It defines institutions broadly but focuses particularly on formal systems such as rules, laws, and regulations; and informal systems such as norms of behavior, conventions, and self-imposed codes of conduct; as well as enforcement mechanisms, which structure human interaction to reduce uncertainty in exchange and provide incentives (North 1990 , Campbell 2004 . Researchers who study national systems of innovation argue that each country has a unique combination of organizations and institutional infrastructures for innovation. Some scholars focus on a limited set of institutions, such as governmental labs, research institutes, and universities that produce and diffuse scientific and technological knowledge (Nelson and Rosenberg 1993) . Others adopt a broader view of institutions and consider financial systems, how industrial relations are organized, the state's structure, legal frameworks, and the customs and cultures embedded in a society (Lundvall 1992 (Lundvall , 2003 Edquist 1997) . The institutional approach views the firm as passive, reacting only to macrosocial conditions. It highlights the external contingencies that affect firms' innovativeness, but ignores interfirm variation in innovativeness.
The lack of attention to the interaction between institutions and organizations hinders a better understanding of the multilevel mechanisms that generate innovation. We believe the incidence of business groups allows us to examine this interaction. By studying the effects of group affiliation on firm innovation, we hope to clarify the institutional conditions under which the business group becomes a driver of innovation. In addition, we explore the organizational characteristics through which the group form promotes affiliates' innovation to further identify which organizational features may facilitate innovation under specific institutional arrangements. We focus on institutions that are relevant for firm innovation. We use institutional infrastructure for innovation to denote the set of systems that allocates financial and technological resources and facilitates the flow of ideas that are directly related to firms' innovativeness.
Business Groups as Innovation-Supporting Institutions
Business groups can be defined as a set of legally independent firms, operating in multiple sectors, that are linked to each other through persistent formal (e.g., equity) and informal (e.g., family) ties (Granovetter 1995, Khanna and Rivkin 2001) . These features distinguish business groups from other organizational forms such as holding companies, strategic alliances, and conglomerates and have pivotal implications for individual firm innovation. Because of their persistent ties, member firms within business groups usually coordinate strategies, behavior, and resources to a greater extent than subunits inside holding companies do; the latter are typically self-reliant and are evaluated in financial terms. These ties are often embedded in preexisting social structures such as families, kinship, and ethnicity that provide norms and a moral basis for withingroup coordination and transactions (Granovetter 2005) . The shared norms and morality embedded in these ties reduce transaction costs and facilitate intragroup transfers of resources. These characteristics also make business groups different than strategic alliances, in which partners use legal contracts to negotiate with each other and incur high transaction costs. Business groups are also distinct from conglomerates such as General Electric. Although both business groups and conglomerates participate in multiple industries, business groups seldom buy and sell group affiliates (Davis et al. 1994) .
By substituting for market institutions that are nonexistent or malfunctioning, business groups may play an important role in emerging economies (Leff 1978, Khanna and Palepu 1997) . We believe that, given withingroup coordination and internal transactions, business group affiliation can increase an affiliate's innovativeness by giving it access to group-level resources, especially capital, technology, human talent, and complementary products and services (Mahmood and Mitchell 2004) . First, unlike firms in advanced economies that lack enough internal cash flow, firms in emerging economies with cash-flow problems have difficulty raising external capital. The internal capital market within a business group may function as a de facto venture capitalist and allocate financial resources for innovative opportunities more effectively than outside investors can. Affiliates may also enjoy low capital costs because they can raise external capital at reduced rates and more easily than independent firms can, due to the former's lower bankruptcy risks (Khanna and Yafeh 2005) . 1 Second, firms in emerging markets need to create technological linkages with firms in advanced economies (Hobday 1995) . Weak property rights in many emerging markets, however, keep firms from negotiating enforceable, arms-length contracts. Fearful that their intellectual property will be expropriated, firms from developed economies hesitate to license technology in emerging economies. Business groups-because they fear that one affiliate's infringement of intellectual property will affect all their affiliates negatively-protect property rights and enforce contracts more efficiently than their independent counterparts do (Khanna and Palepu 1999 , Amsden and Hikino 1994 , Kock and Guillén 2001 . Thus, foreign providers of technology are more likely to work with affiliates that are known to honor contracts than they are to work with independent firms. Moreover, because affiliates have better access to government privileges, financial capital, research facilities, and talent, foreign firms may benefit more from providing technological knowledge to them.
Third, because markets for technology are inherently incomplete because of threats of expropriation, business groups can substitute for these markets in emerging economies. Knowledge transfer and sharing is easier among affiliates within the same business group (Encaoua and Jacquemin 1982) than it is among unrelated firms. Zander and Kogut (1995) showed that less codifiable and more complex knowledge is more difficult to transfer between firms. They also demonstrated that, due to this difficulty, firms often hire workers away from other firms to facilitate knowledge diffusion. Similarly, Szulanski (1996) and Hansen (1999) found multilevel hierarchical organizations had difficulty transferring knowledge between their subunits. Conversely, business groups allow their affiliates to share technological knowledge.
Business groups can also use internal labor markets to facilitate the sharing of technological knowledge among affiliates. In places where scientific talent is scarce, groups can improve affiliates' innovativeness by incubating this talent. They can incur the fixed costs of setting up an infrastructure to develop this talent and amortize the expenses across all their affiliates. For instance, Samsung Group set up research institutes for which its individual affiliates share research and development (R&D) budgets. Groups can also facilitate affiliate firm innovation by developing efficient internal labor markets that move scientific personnel among affiliates. To foster such talent and develop internal labor markets, groups sometimes concurrently serve as research institutes, engineering universities, and vocational schools. By doing so, they counteract the inefficiency of the external labor market in their economies.
Fourth, intragroup ties are especially useful for pooling and sharing knowledge when there is no welldeveloped external network of firms or clusters to rely on. Developed economies generally possess robust pools of supporting and interrelated businesses such as suppliers and distributors. Complementary firms augment a firm's innovativeness by providing access to skills, equipment, and customers (Afuah 2000) . By contrast, this infrastructure is much weaker in emerging economies, and business groups in such locales tend to vertically integrate or diversify into related businesses to develop an equivalent infrastructure (Khanna and Rivkin 2001) . These ties let affiliates gain detailed knowledge of a technology's strengths and weakness, as well as knowledge of what improvements and innovations might yield significant payoffs, because those knowledges usually reside with the customers and suppliers who use the technology (Nelson and Rosenberg 1993) .
Institutional Contingencies for Business Group Effects
These benefits occur when specific deficiencies in the institutional infrastructure for innovation exist. The comparative institutional perspective sheds light on the circumstances under which group affiliation can benefit affiliates' innovativeness because it conceives countries as operating on a complex set of variables that differs from one country to another. Different institutional contexts encourage distinct forms of business and market organizations to be established, and any changes in these environments will affect the characteristics of the firms and markets that have developed in tandem with them (Hamilton and Biggart 1988; Whitley 1992 Whitley , 1999 Hollingsworth et al. 1994; Dobbin 1994; Orru et al. 1997; Guillén 2001) . Biggart and Guillén (1999) , for example, illustrate how specific configurations of firms and institutions, when combined with distinctive trajectories of development, have resulted in different areas of specialization in the automobile industry in Argentina, Korea, Spain, and Taiwan.
From this perspective, different institutional infrastructures for innovation encourage distinct forms of business organizations to adopt certain structures and strategies. These differences may cause variation across countries and over time in the types and characteristics of organizations that are most conducive to innovation. Business groups' role in facilitating affiliates' innovativeness might thus depend on both the country and period in question, as these parameters are configured uniquely for each country and change over time.
When institutional infrastructures for innovation are well established, group affiliation might not help a firm to innovate. For example, access to internal capital markets will be less critical when alternative sources of capital such as venture capital and specialized stock markets for high-tech firms (e.g., NASDAQ in the United States) are more developed. More efficient markets for technology transfer and greater availability of government research facilities and universities will also lessen the benefits of groups' internal technology market. Generally speaking, the better established the institutional infrastructures for innovation, the fewer the benefits that group affiliation will provide. Thus, we expect that the effect of group membership on affiliates' innovation is moderated by how extensively the institutional infrastructure for innovation is developed.
Hypotheses
In this section, we develop hypotheses to test our proposition in two ways. We focus on the individual firm as the innovation agent and consider the business group as a type of innovation-supporting organization that facilitates the flow of resources and ideas that are directly related to individual affiliates' innovativeness.
In Hypotheses 1 and 2, we compare the innovativeness of group affiliates vis-à-vis independent firms. Because institutional infrastructures for innovation vary across countries, our proposition implies that the benefits of group affiliation are greater in countries where institutional infrastructures for innovation are weaker. We also hypothesize that the benefits of affiliation within a country decline as institutional infrastructures for innovation develop. Because we also wish to understand how group affiliation benefits firms' innovation, we untangle within-group contingencies. Specifically, we examine how the internal market functions of business groups, such as internal capital and technology markets, promote affiliates' innovativeness. First, we argue that business groups' internal capital markets can substitute for poor external capital markets. The larger and richer the internal capital markets, the greater the positive impact of group affiliation; affiliates are thus more innovative. Second, we believe access to groupwide technological knowledge is an intangible resource that benefits affiliates' innovation. When a firm's other affiliates are actively innovating, the focal firm can benefit from their technological knowledge.
Yet we also argue that the innovation-promoting effects of affiliation depend on how developed the institutional infrastructures for innovation are. For instance, in a country that has a relatively efficient external capital and technology market at a given time, a group's internal capital and technology market will not significantly aid the innovativeness of the group's affiliates. We expect internal capital and technology markets will significantly aid affiliates only when institutional infrastructures for innovations are weak. Although business groups can contribute to affiliates' innovativeness by sharing financial and intangible resources, those groups might differ greatly in their ability to realize this potential. We believe a group's diversification strategy can affect its ability to tap its internal markets.
2 Evidence from U.S. conglomerates shows that unrelated diversification is likely to hurt affiliates' innovativeness, as it discourages risk taking and promotes free riding (Teece 1996) . Unrelated diversification leads corporate executives to shift their attention away from strategic objectives such as R&D and toward financial objectives such as profitability (Hoskisson and Hitt 1988) . Although financial controls make it easier for top executives in diversified firms to compare financial performance across different lines of business, they also induce divisional managers to have a short-term orientation, be risk averse, and thus invest less in R&D. Hitt et al. (1996) found a negative relationship between financial control and innovation and a positive relationship between strategic control and innovation. This result suggests that unrelated diversification at the group level may hinder affiliates' innovativeness.
Nonetheless, the detrimental effects of unrelated diversification might not exist in every country or at all times. When capital markets are less efficient, the potential benefits of unrelated diversification (e.g., risk spreading) might reduce some of the downside of unrelated diversification. Conversely, if external capital markets are more efficient, unrelated diversification's negative effects will be more pronounced.
Hypothesis 5. If a business group uses an unrelated diversification strategy, its affiliates' innovativeness is lower when institutional infrastructures for innovation are strong.

Data and Methods
Empirical Context: Korea and Taiwan South Korea and Taiwan-henceforth Korea and Taiwan-are our empirical context. Until the 1980s, their competitive advantage was based on low-wage, high-quality labor. Since then, however, both countries have lost this advantage to emerging economies such as Indonesia and mainland China. Wages in both economies increased sharply, and indigenous firms had to upgrade their technology to stay competitive. Korean and Taiwanese organizations became very innovative by the 1990s, ranking 4th and 3rd, respectively, in terms of the number of U.S. patents granted to foreign inventors in 2003. We hence focus on the period 1991-1999. Yet Korea and Taiwan had different institutional infrastructures for innovation. In Taiwan, a specialized over-the-counter (OTC) stock market for high-tech firms, modeled after NASDAQ, was established in 1988, several years earlier than its Korean counterpart began operating. Second, other innovation-supporting institutions such as public research institutes, universities, and venture capital firms were more developed in Taiwan than they were in Korea (Kim 1993, Hou and Gee 1993) . Third, relative to Korea, Taiwan's manufacturing sectors had strong collaborative networks between established affiliates and small independent firms that acted as subcontractors for larger affiliates (Amsden 1991 , Shieh 1992 ). Fourth, Taiwan had more active government agencies than Korea did. Its government set up research institutes to carry out key R&D. These institutes shared their output with the private sector (Wade 1990 ). Both UMC (United Microelectronics Corporation) and TSMC (Taiwan Semiconductor Manufacturing Company), two of the most innovative Taiwanese semiconductor firms, were spun off from ITRI (Industrial Technology Research Institute), another such institute.
The Taiwanese government set up the venture capital industry in the late 1980s and sometimes acted as a venture capitalist (Amsden and Chu 2003) . In addition, it set up a science park that made it easier for small independent firms to conduct R&D by providing these firms with access to various innovation infrastructures.
3 Unlike Taiwan's government, the Korean government's direct intervention in innovation activities has been limited mainly to the information technology sector. The KOSDAQ, a stock exchange for technology and startup firms, was created in 1996; Korea's venture capital market was almost nonexistent before 2000. In addition, through their OEM (original equipment manufacturing) relationships with small-and medium-sized businesses, multinationals have been more important in Taiwan than they have been in Korea (Amsden and Chu 2003) .
Business groups have long been prominent in both Korea and Taiwan. Large business groups such as Hyundai, Samsung, LG, and SK in Korea and Formosa, Far Eastern, Cathay, and Tatung in Taiwan have many affiliates and contribute substantially to the gross national product (GNP). Table 1 shows that the top 30 business groups in Korea, known as chaebols, and the top 100 Taiwanese business groups, known as jituanqyie, are significant players in the nations' economies. The proportions of the aggregated sales of chaebols and jituanqyie to their nations' GNP peaked at 97.6% in 1997 and 55.6% in 1998, respectively.
4 Chaebols and jituanqyie differ, however, in several ways. Chaebols were on average larger, more diversified and leveraged, and more centrally controlled. Because Taiwan's government used tax incentives to favor new establishments, Taiwanese groups are more numerous and much smaller than Korean groups (Cheng 1990 , Fields 1995 , Chung 2001 , Chang 2003 . The average assets of the top 100 groups in Taiwan as of 1996 was 70.2 billion new Taiwanese dollars (NT$) (roughly US$2.1 billion), while the asset base of their top 30 counterparts in Korea was 10.1 trillion won (roughly US$11.9 billion). Individual affiliate firm size, calculated as the average assets of Korean affiliates in 1996, was 1,486.6 billion won, roughly US$1.8 billion, much more than that of their Taiwanese counterparts (15.0 billion NT$, roughly US$0.4 billion). This difference reflects many of the largest Korean firms' participation in the heavy equipment and chemical industries, which required sizable capital investments. Furthermore, coordination among chaebol affiliates is more centralized than it is among their Taiwanese counterparts. The control in chaebols is so thorough that Biggart (1990) describes the chaebol president as a patriarch and the management system as patrimonialism. Member firms of Taiwanese jituanqyie depend more on informal ties such as family connections and friendships among the firm's leaders, who Hamilton and Kao (1990) dubbed the inner circle.
Korea and Taiwan began liberalizing economically and politically in the late 1980s. Institutions adjust slowly, however, because existing processes, cultural frames, and social beliefs constrain change. 5 In Korea, for instance, real improvement in the institutional infrastructure for innovation occurred only in the late 1990s, after Korea fell prey to the Asia financial crisis in 1997. During the crisis, 13 of the top 30 chaebols were technically bankrupt (Chang 2003) . Korea received a large support package from the International Monetary Fund, which demanded that the Korean government enforce conservative lending policies, better corporate governance, and simplified mergers and acquisitions (M&A) procedures. As the Korean economy recovered from the crisis, Korean capital markets changed. The KOSDAQ grew rapidly, and the Korean venture capital industry emerged.
6
Although Taiwan was not directly affected by the Asia crisis, it underwent several changes during the 1990s that significantly altered its institutional landscape. First, its OTC market became much larger and more efficient (The Economist, 1997) . Second, the share of investments in startups as a portion of total venture capital outlays rose from 13.3% in 1995 to 32.8% in 2000 (Amsden and Chu 2003) .
7 These developments made it easier for small and independent firms to get capital for innovation. In addition, the first Taiwanese investment bank, the Industrial Bank of Taiwan, was established in 1998 to provide necessary capital and professional M&A consultation to smaller firms. With respect to labor markets, the first professional headhunter for managerial and technical talent, the 104 Job Bank, was set up in 1996. These intermediaries greatly increased the efficiency of the high-end sector and the labor market. Finally, the share of R&D in Hsinchu Science Park as a portion of Taiwan's total R&D rose from 4.6% in 1989 to 18% in 1998, suggesting that being small or independent, or both, was no longer an obstacle to innovation in Taiwan.
To the extent that business groups provide an alternative to institutional infrastructures for innovation, the benefits of group affiliation are probably higher in places where these infrastructures are less developed. We thus expect that business groups contribute more to affiliate firms' innovation activities in Korea than they do in Taiwan. We also expect that because the institutional infrastructures for innovation were more developed in both countries by the late 1990s, the benefits of group affiliation were lower during the late 1990s. We hence use 1995 as the cut-off point to divide our sample years, 1991-1999, into two periods. Period 1 designates years 1991 to 1995, and Period 2 designates years 1996 to 1999.
8 Data Because we are interested mainly in comparing the innovativeness of affiliate and independent firms, as well as innovativeness among group affiliates, we used the top 500 manufacturing firms based on annual sales in each country as our initial sample. We employed this criterion for several reasons. First, this list is more inclusive than are alternative samples, such as a sample of listed companies.
9 For Taiwan, 82% of the listed manufacturing firms are included in the top 500 sample for our sample period. In contrast, 21% of the top Taiwanese 500 firms are listed on the main board of the Taiwanese  Stock Exchange. 10 Second, many large innovative firms in both countries were unlisted. For example, TSMC, one of the most innovative Taiwanese firms, was listed only in 1994. Third, it was difficult to collect financial information about small firms, most of which were unlisted. Fourth, although affiliate firms are generally larger than independent firm, the top 500 sample is not biased against independent small firms; as shown in Table 1 , during the period 1991-1999 group firms constitute only slightly more than 50% of our Korean sample and less than 40% of our Taiwanese sample.
For Taiwan, we used the Largest Corporations in Taiwan (LCT) by China Credit Information Service (CCIS), which is the oldest and most prestigious creditchecking agency in Taiwan and an affiliate of Standard & Poor's. It publishes financial information about the largest firms in the manufacturing sector and is the most reliable (and practically the only) data source for large, unlisted companies. We collected Korean firms' financial information from the Korea Information Service (KIS) database. KIS is a leading credit-rating agency in Korea, equivalent to Standard & Poor's or Moody's. The KIS corporate profiles and financial information database includes annual information on all listed companies and unlisted companies with assets of more than 6 billion won (referred to as statutory audited companies). Because some firms go in and out of the top 500 listing each year, we selected only firms that appeared in the top 500 list at least two years during our study period. We also dropped firms that went bankrupt or technically bankrupt. 11 We also dropped several observations that had missing information. Our sample of firms ranged between 218 and 378 in Korea and between 360 and 419 in Taiwan. The numbers in our sample of Korean firms became smaller after the crisis in 1997 because many went bankrupt.
We then identified the group affiliations of the firms in our sample. If we defined business groups generically as organizations with more than two affiliates, each country would have many business groups. There are, however, well-accepted definitions of business groups in each country by which data on groups are organized (Khanna and Rivkin 2001) . The Korean government annually identifies the 30 largest business groups according to asset size in nonfinancial sectors and publishes a listing of their affiliates under the Act for Monopoly Regulation and Fair Trade Promotion (known as the Fair Trade Act) in order to block anticompetitive behavior. The Act defines chaebols' affiliates as those for which "either more than 30% of whose issued shares are owned by one person, his relatives, or a company controlled by him, or whose management such as appointing its officers is substantially affected." For Taiwan, our major data source is the biennial directory, Business Groups in Taiwan (BGT), which compiles data on the top 100 jituanqyie as based on biennial annual sales data provided by CCIS. This directory is the most comprehensive and reliable source for jituanqyie and has been used in previous studies (Hamilton and Biggart 1988 , Claessens et al. 2000 , Khanna and Rivkin 2001 . It constructs the database of business groups by examining the overlaps of shareholders, directors, auditors, or decision makers with the focal firm who have a substantial proportion of shares held by other group members. Because the BGT database is biennial, Taiwanese data are available only for the financial years of 1990, 1992, 1994, 1996, and 1998 . We therefore used the preceding even-numbered year's data for the odd-numbered years for Taiwan.
Although the operational definitions used by the Korean government and CCIS are different, they share some important criteria for defining business groups, including common shareholders and common administrative coordination; affiliates are legally independent, but they can share financial, physical, and technological resources with other affiliates. Our classification of business group membership as belonging to the top 30 chae- 
Measures
We measured innovation in terms of the number of successful U.S. patent applications submitted by our sample firms. We preferred U.S. patents to local patents because we wanted to compare the relative innovation of Taiwanese firms to that of Korean firms. Differences in local patenting laws and institutions made it difficult for us to use local patents to compare innovation across countries. 12 We collected U.S. patenting information for our sample from the (NBER) U.S. patenting databases . We included only patents that were granted by 2001. Figure 1 shows the number of patents by Korean and Taiwanese firms, respectively, during 1992-2000. 13 There is a gradual rise in patenting during this period, and affiliate firms generate more patents than independent firms do in both countries. Also, independent Taiwanese firms appear to be more innovative than their Korean counterparts.
We identify group membership by a dummy variable, Group Dummy, which is 1 if a firm is affiliated with a group and 0 otherwise. We measure both group and firm resource levels with two-year moving averages of time t − 1 and time t, to predict a firm's innovativeness at time t + 1. Thus, we used values for explanatory variables from 1990 to 1999 to calculate a two-year average prior to patent application, and our dependent variable runs from 1992 to 2000. For example, we used firm-and group-level information in 1990 and 1991 to predict a firm's successful patent applications in 1992. We used a two-year average because patent applications are likely to correspond to R&D activity during the two years preceding the patent application (Greve 2003 ). Because Taiwanese group-level information is available only for even-numbered years, we used the closest preceding even-numbered year's data in the preceding twoyear interval. To assess the profitability of other affiliates in the same group, we measured Affiliate Profitability of the weighted average of return on assets (ROA) for all other affiliates in the same group, while using the assets averaged at time t − 1 and time t as a weighting factor. To measure other affiliates' stocks of technological knowledge, we created Affiliate Patents Stock, which is the total number of patents owned by all other member firms within a group in the same two-digit standard industrial classification (SIC) industry since 1991.
14 Because economically useful knowledge depreciates as other firms imitate, personnel move, and machines wear out, 15 we used a 20% depreciation rate to calculate the level of technological stock over time and then logtransformed this number. To avoid a log transformation of zeros, we added the nominal value 1 to the stock of patents before the log transformation. For group-level unrelated and related diversification, we used an entropy measure for Group Unrelated Diversification and GroupRelated Diversification (Palepu 1985) as the average of time t − 1 and time t. Because the SIC systems are different in these countries, we used two-digit SIC codes, which define industries more broadly, to make our classifications comparable. 16 We also included several firm-level control variables. We measured Firm Size by total firm assets (in thousands won in Korea and in millions in New Taiwanese dollars, both of which were log-transformed) as the average of time t − 1 and time t. For firm finances, we adopted Firm Profitability as ROA as the average of time t − 1 and time t. To control for differences between young and old organizations, we defined Firm Age as the years at time t since the firm was established. To control for the ability to raise funds from external equity markets, we created a dummy variable, Listed, to code whether a firm was publicly listed and checked the corresponding years of the directories of listed companies, published by the Korean and Taiwanese stock exchanges. To control for a firm's own technological bases, we created Firm Patent Stock, which is the total number of patents owned by a firm since 1991. As we did for affiliate patent stock, we adopted a 20% depreciation rate and used log transformation.
Model and Estimation
We use patents as our measure of innovation performance. Poisson regression and the negative binomial regression model, a variant of the former that can account for heteroscedasticity (Hausman et al. 1984 , Cameron and Trivedi 1986 , Gurmu and Trivedi 1994 , are standard models that can handle count-based data. Let the patent output of a firm i at time t + 1, Y i t+1 , and X i t denote a vector of explanatory variables. Thus, if Y i t+1 follows a Poisson distribution, the mean patent output for firm i, i t = E Y i t+1 , would equal the variance V Y i t+1 . The negative binomial model allows for heterogeneity in the mean function and thereby relaxes the variance restriction in Equation (1).
Our initial screening of the data suggested several characteristics that required us to perform further econometric treatments to handle these data properly. First, the conventional technique for controlling unobserved firm heterogeneity with random effects (Hausman et al. 1984) is not applicable to our research setting. An important feature in panel data is unobserved heterogeneity of firm i, i , that persists over time. In general, the unobserved firm heterogeneity factors are correlated with the explanatory variables, i , that is, E x it i = 0, and therefore standard random effects estimators will be inconsistent. Alternatively, the fixed effects model requires at least one observation for firm i to be nonzero (Greene 2003, p. 747) . Because only 108 Korean firms and 149 Taiwanese firms applied for at least one U.S. patent during our study period, the fixed effects model is not applicable in our setting.
Second, our sample firms upgraded their technological capabilities; their U.S. patent patterns are nonlinear and increasing (see Figure 1) . Knowledge-intensive resources are subject to increasing return to scale (Arthur 1996) . As firms accumulate technological knowledge, they can generate more patents while tapping their existing patent stocks. Thus, the standard econometric assumption that the innovation process is independent over time would not hold. Our model needs to handle dynamic feedback, where the past histories of patenting help determine current outcomes.
Third, our dependent variable, the count of U.S. patents, had a preponderance of zeros. Of the subset of firms that filed for at least one patent, most did not apply for a patent every year. As a consequence, only 320 of 2,940 observations in the Korean sample and 371 of 3,439 observations in the Taiwanese sample are not zero. Consequently, the standard Poisson or negative binomial models that handle zero and nonzero outcomes in one model cannot adequately describe the data.
We used several techniques to handle these problems. First, we incorporated a firm's own presample information as a surrogate for the firm fixed effects (Blundell et al. 1995 , Cincera 1997 , Cameron and Trivedi 1998 , Blundell et al. 2002 . Blundell et al. (1995) developed a way to use a presample of information for a dependent variable as a surrogate for permanent unobserved firm heterogeneity. In firms' efforts to innovate, the main source of unobserved heterogeneity is the different technological knowledge stocks with which firms enter our sample.
One plausible way to measure firms' inherent capacities to develop and commercialize new products and processes is to examine our sample firms' histories of innovation prior to 1991. Thus, we adopt the Presample Mean of a firm's innovations during [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] Second, we incorporate a firm's own stock of patents at time t as a way to characterize dynamic feedback. Past success in technological innovation influences the probability of current success. Introducing dynamics into our model by using a count variable is not straightforward because the conditional mean is required to remain positive. Including functions of the lagged dependent variable in the exponential function can also be problematic. We thus included the past stock of a firm's own patents by applying a 20% depreciation rate and taking a log transformation. 18 We added a value of 1 to the stock of patents to avoid log transformations of zeros. The Firm Patent Stock G i t is the depreciated sum of a firm's own past innovation, and is defined by
Because our study period starts in 1991, G it becomes (without taking log transformation)
, and so on. We thus can write our patent performance model as
Third, we adopted the zero-inflated Poisson or zeroinflated negative binomial (ZINB) regression model to handle the preponderance of zeros in the dependent variable (Mullahy 1986 , Lambert 1992 , Greene 2003 . The ZINB method separates two regimes where a zero outcome may be generated. In one regime (Regime 1), the patent outcome is always zero (some firms never patent). In the other regime (Regime 2), the usual Poisson or negative binomial process is at work (some firms might generate a zero outcome in one year but not in another year).
where y = 1 2 3
This model estimates a binary model that predicts the likelihood of Regime 1 or Regime 2 with a set of explanatory variables and then runs the Poisson or the negative binomial process. Greene (2003, pp. 779-780) demonstrates that ZINB outperforms alternative formulations. Vuong (1989) formulated a test statistic that assesses whether the ZINB model or a regular negative binomial regression model is more appropriate. Applied to our data, the Vuong statistic suggests that regimesplitting models are better, suggesting that our data suffer from excess cases of zeros.
In addition, we control for the possibility that firms within a group share certain group-specific attributes, where error terms across firms in a group may correlate with each other. We addressed this problem by explicitly allowing clustering within our ZINB models for the possibility of correlations among firms within groups, but not across groups. Our analysis of affiliates shows regression results that allow error terms across firms in the same group to correlate with each other.
Results
We first present estimates of models pertinent to Hypotheses 1 and 2, comparing the group affiliation effects across two countries and over two time periods. In this model, we explore whether or when affiliates outperform independent firms. The first set of models does not, however, indicate how group affiliation influences firm innovation. Thus, we restrict our second set of analyses to affiliates for cases in which group-level resources and diversification strategy variables are available and explore why some affiliates are more innovative than others.
Group versus Nongroup Comparison
Given the institutional differences between Korea and Taiwan, we show the results for each country. Table 2 shows descriptive statistics for the two data sets in the two countries. Table 3 shows the ZINB models for Korean and Taiwanese firms, separately, to compare the innovation performance of affiliates vis-à-vis independent firms.
19 The Vuong statistic was significant in all models, indicating the ZINB models were appropriate.
In Table 3 , Models (1) and (5) are the baseline results for Korea and Taiwan, respectively, without a firm's own patent stock variable. Group affiliation was positively significant in Model (1) and remained so for Korea after we included a firm's own stock variable in Model (2). Conversely, group affiliation was insignificant in Models (5) and (6) for Taiwan, whether we included a firm's own patent stock variable or not, suggesting affiliation benefited firm innovation in Korea, but did not do so in Taiwan, thus confirming Hypothesis 1. Models in (3), (4), (7), and (8) examine how the relative importance of group affiliation within a given country varies over time. To test Hypothesis 2, we compared estimates for Models (3) and (4). Group affiliation positively affected individual firm innovation in Period 1 (i.e., patents filed during 1992-1996) but not in Period 2 (i.e., patents filed during 1997-2000) in both nations. A t-test of coefficients between Periods 1 and 2 shows the difference in the group dummy coefficients was significant for both Korea and Taiwan. 20 These results suggest the benefits of group affiliation declined as institutional infrastructures for innovation developed, supporting Hypothesis 2.
Firm size, firm profitability, and listing on stock exchanges were positively significant in most models, underlining the importance of financial resources for innovativeness. Firm age was negatively significant for Taiwan, suggesting younger firms in Taiwan conducted more innovation than did older ones, which was not true for Korean firms. Inclusion of a firm's own stock was positively significant in all the models, substantially boosting chi-square statistics over the baseline models, suggesting that firms with higher stocks of technological knowledge generate more patents, confirming the dynamic nature of innovation. The presample mean vari- (7) 233.06 (7) 421.32 (7) 282.80 (6) 401.29 (7) 148.45 (7) 257.37 (7) ratio chi-sq. able (measured on the basis of patenting activity over [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] that we included to control for unobserved firm heterogeneity became insignificant when the firm patent stock variable (measured on the basis of patenting outcome since 1991) was introduced, due to a high correlation between the two variables in the Korean sample. 21 Overall, the results in Table 3 confirm our proposition that group affiliation benefits firms' innovativeness when institutional environments are weak. Table 4 shows models that compare innovativeness among affiliates. It suggests how business groups' internal capital and technology markets and diversification strategies influence affiliates' innovativeness. Consistent with the reasoning laid out in our hypotheses, we expect affiliates that belong to groups with larger pools of internal markets are likely to be more innovative and that unrelated diversification at the group level may distract affiliates from innovating. We also believe the benefits of internal markets are stronger in Korea than they are in Taiwan and stronger in Period 1 than they are in Period 2. Similarly, we expect the effects of unrelated diversification to be stronger in Taiwan than they are in Korea and to be stronger when external innovationsupporting institutions are stronger. Table 4 includes other affiliates' profitability and patent stock and the group's diversification strategy, which affects an affiliate's innovativeness. The Vuong statistic was significant in all models, indicating the ZINB model is appropriate. In Models (1) and (5), affiliate profitability had no impact on a focal firm's patents. In Models (2)- (4) and (6)- (8), we included an interaction term between a focal firm's profitability and affiliates' profitability to look for an interaction effect. This term was negatively significant in Korea in Period 1, suggesting that a group's internal capital market might benefit a focal firm's innovativeness when its own profitability is low but its affiliates are profitable, thus enabling poorly performing or unprofitable firms to continue investing in innovative activity. The internal capital market might not benefit affiliate firm innovation in Period 2 in Korea because external capital markets improved substantially after the financial crisis in 1997, and it became more difficult to crosssubsidize other affiliates because of tighter monitoring of intragroup transactions. These results partially support Hypothesis 3. On the other hand, the interaction term was significant for Taiwan in the full sample, but insignificant in subperiods.
Within-Group Comparison
The affiliate patent stock variable was positively significant in Models (1) and (2), suggesting that in Korea (1) † p < 0 10; * p < 0 05; * * p < 0 01; * * * p < 0 001. (2) These models incorporate the restriction on error terms that observations are independent across business groups but not so within the same business groups. Vuong-statistics in these models were calculated without this restriction.
affiliates of groups in which other affiliates generated a large pool of related technological knowledge were more innovative. This variable was, however, insignificant for Taiwan, where there was a better-developed market for technology transfers, supporting Hypothesis 4. The subperiod analysis of Korean affiliates shows the affiliate patent stock variable was weakly negative in Period 1 and weakly positive in Period 2, suggesting the internal technology market became more functional in the second period. The same subperiod analysis in Taiwan showed affiliate patent stock was negatively significant in Period 1 but insignificant in Period 2. In Taiwan during Period 1, most patents obtained by highly innovative groups came from one or two focal firms. Other affiliates in these groups did almost no patenting. This divergence might explain why affiliate patent stock was negative in Taiwan in Period 1, as the negative association might have been driven by the combination of high focal firm innovation and low affiliate innovation. As other affiliates began to patent, the negative association went away. We thus found only weak support for Hypothesis 4.
Finally, unrelated diversification at the group level seems to have a negative effect on affiliate innovation in Taiwan, but not in Korea, supporting Hypothesis 5. Unrelated diversification hurt more in Taiwan, where capital markets are more developed. In many ways, including the existence of a diversification tax, the Taiwan results echo those found in countries with advanced institutional infrastructures. Overall, the models in Table 4 support our proposition that groups' internal markets are more important when external innovation-supporting institutions are weak.
Robustness Check
Our use of U.S. patents to measure firm innovation and our use of top 500 firms for our sample are subject to more scrutiny; it is possible that our context might have biased the results. First, it is possible that our use of U.S. patent data might have biased our results toward firms that are more internationally oriented. Because locally oriented companies might not be interested in obtaining U.S. patents, our focus on U.S. patents to measure 
(8) innovativeness might not capture all innovations. We addressed this concern by estimating a set of models that use local Korean and Taiwanese patents as a dependent variable, as shown in Models (1)- (6) of Table 5 . In these models, the group dummy remained positively significant in Korea, but not in Taiwan, reconfirming our Hypothesis 1. Interestingly, the Korean group affiliation variable remained positively significant in both periods, but the Taiwanese group affiliation variable went from positively significant in Period 1 to negatively significant in Period 2, consistent with Hypothesis 2. Thus, in terms of local patents, affiliates always outperform independent firms in Korea, and affiliates initially did better but then did worse than independent firms in Taiwan, as institutional environments for innovation developed in the late 1990s. Second, we examined whether our focus on the top 500 Korean and Taiwanese firms might be biased against small, innovative firms. This concern may be more relevant for Taiwan, where small-and mediumsize enterprises are important sources of innovation (Mahmood and Singh 2003) . To address this issue, we reran our models using a sample of listed firms, as shown in Models (7)- (12) of Table 5 . Once again, our results confirmed that group affiliation is important to innovativeness in Korea, but not in Taiwan, where group affiliation is significant only for the full period, supporting Hypothesis 1. There were few intertemporal differences in group affiliation effects in both countries, however, providing no support for Hypothesis 2.
We also performed several sensitivity tests to assess whether our results were driven by a few outliers. For example, we checked whether the negative effect of diversification in Taiwan was driven by outliers such as UMC and TSMC, which are innovative but focused. After controlling for these groups, the results remain unchanged. 22 We also added industry-fixed effects in addition to our firm-fixed effects with presample means. In most regressions that converged, however, industryfixed effects became collinear with firm-fixed effects and became insignificant. We thus decided not to enter any additional industry-fixed effects in our models. We also checked for endogeneity, because an independent firm that innovates successfully can, become a target for acquisition by business groups, or a firm can choose to become a member of a group, or both. Markets for acquisition were weak in Korea and Taiwan during the period under study, however, and firms in both countries could not possibly choose to affiliate with a particular group. In other words, being an affiliate was not a voluntary decision. Thus, we do not think endogeneity is relevant to our study. Furthermore, our use of panel data with lags, as opposed to cross-sectional correlations, mitigates this problem. In addition, we dropped the data for 1998 and 1999-during which the effects of the Asia crisis were most severe-from our sample to see if our results changed. They did not.
Discussion and Conclusion
This study combined two unique longitudinal data sets of business groups to examine when and how business groups in emerging economies promote affiliate firms' innovativeness. To our knowledge, this study is the first large-scale statistical analysis of innovativeness that uses a comparative institutional framework. For Korea, we found that affiliates are more innovative than independent firms. This result did not hold for Taiwan, where institutional infrastructures for innovation were relatively more developed. We also found that in both Korea and Taiwan the benefits of group affiliation declined as institutional infrastructures for innovation developed. This analysis therefore supports the view that business groups in emerging economies substitute for institutional infrastructures for innovation, which are taken for granted in developed economies (Leff 1978, Khanna and Palepu 1997) . This study also supports the comparative institutionalist perspective that the benefit of business group affiliation for firm innovativeness is contingent on a country's institutional environment at a specific time.
The contrast between Korean and Taiwanese business groups' effects on affiliate firm innovation performance might be attributable to several factors. First, Korea lagged behind Taiwan in institutional infrastructures for innovation. Unlike its Taiwanese counterpart, the Korean venture capital market was very small prior to the Asia crisis. Foreign multinationals and the government helped more to transfer technology and spearhead R&D in Taiwan than they did in Korea. The positive impact of group affiliation in Korea reflects chaebols being a substitute for institutional infrastructures for innovation.
Second, chaebols shared resources among affiliates more extensively than jituanqyie did. In a typical business group in Korea, a group chair exercised absolute power over the group's strategic decisions. At his or her command, affiliates contributed financial, human, and technical resources to a project that was deemed strategic to the group. The results show that affiliates benefited from group-level resource sharing. In contrast, such resource sharing was not extensive in jituanqyie, which were run more independently by different family members. In this sense, jituanqyie are more like coordinated networks, whereas chaebols are more like centralized hierarchies (Orru et al. 1991) .
Third, our results showed that diversification at the group level negatively affected affiliate firms' innovation performance in Taiwan, where capital markets were more developed than they were in Korea. This result is consistent with findings from research on U.S. conglomerates, which has found that diversification negatively influences innovativeness. It also suggests, however, that these findings need to be qualified because a negative diversification effect was not found for Korea, which had a less-developed capital market.
This study also identified and empirically tested how affiliation affects firm innovativeness. For Korea, we found that group-level financial resources foster the innovativeness of affiliates that had insufficient financial resources. For example, Samsung Semiconductor, the semiconductor venture of Samsung Group in Korea, weathered extended periods of losses in its early years with support from affiliates such as Samsung Telecommunication and Samsung Electronics. When it was nearly bankrupt, it merged with Samsung Telecommunication and then later merged with Samsung Electronics. The impact of sharing group-level financial resources in Korea has dwindled since the Asia crisis, as affiliates are under tighter scrutiny from the financial community and alternative sources of capital are more readily available (Chang 2003) . On the other hand, sharing technological resources with other affiliates in the same groups remains an important means for groups to foster affiliates' innovativeness. The market for technology is inherently imperfect because of appropriation problems. Our results suggest that business groups can continue creating value by internalizing the market for technology, but they also suggest that affiliates might not have enough patents in Period 1 to capitalize on the benefits of this market.
This study has important implications for research on business groups and innovation. First, research on business groups focuses mainly on how groups influence firm profitability (e.g., Rivkin 2001, Chang and Hong 2000) . Our study extends that work by examining a dimension of firm performanceinnovation-which is critical to firms' long-term competitive advantage. Furthermore, by theorizing the group as not only an internal capital market but also a knowledge-sharing entity, our research sheds light on a neglected internal market function, the market for technology, in which business groups may play an important role even in developed economies.
Second, by showing how the groups' role in supporting innovation is moderated by institutional setups and the interaction between institutions and group characteristics, our research responds to the call for more work on the interaction between organizations and institutions. Our contributions are twofold. First, we analyzed the institutional mechanisms through which business groups shape their innovation benefits for their affiliates. This focus overcomes the limitation of the organizationfocused approach in identifying the dominant innovation agent in various contexts. Second, our results help solve the institutionalists' problem of explaining performance variation among firms that compete in the same context by indicating why and how, within a given institutional context, some organizations are more innovative than others.
This paper also contributes to the literature on national systems of innovation (Lundvall 1992 , Nelson 1993 . By treating business groups as one component of such systems, we restore an important but ignored insight from early work on national innovation systems, which recognized that business groups can influence innovativeness (Freeman 1987) . Although the innovation literature has usually treated interfirm networks (or interaction among firms) as a key characteristic in the system (Lundvall 2003) , it has focused only on regional or sectoral networks and ignored interfirm networks such as business groups that are often initiated and maintained by preexisting social structures. This paper hence advances the innovation literature by highlighting a new dimension of interfirm networks. In so doing, it contributes to the comparative institutional perspective by showing there is no one ideal model for transition from imitator to innovator (Whitley 1999 , Campbell 2004 .
This study has several limitations. First, it did not measure internal coordination and control mechanisms within business groups. Future research should look into elements of business groups' internal structures, such as cross-shareholding, interlocking directorates, buyersupplier ties, and various incentive systems. Second, it focused on two emerging economies in East Asia that have similar cultural backgrounds. The relative importance of group affiliation effects to individual firm innovativeness should be confirmed in a larger set of countries with more distinct institutional infrastructures for innovation. Third, future studies should examine the impact of ownership structure on individual firms' innovativeness. It would be interesting to explore whether different types of owners, such as families, affiliates (via cross-shareholding), and foreign investors have different preferences toward innovation.
Finally, Korean and Taiwanese institutions might not be completely exogenous to the formation and development of business groups; these groups may affect the evolution of various institutions. This is especially plausible in the years after Korea and Taiwan were democratized in the late 1980s. Business groups may influence regulatory institutions' evolution through election mechanisms and close ties with political elites, as indicated by Fields (1995, pp. 51-62, 85-92) . We believe, however, the development and subsequent evolution of institutional infrastructures for innovation is more complicated and involves factors that are exogenous to these groups. For example, Saxenian and Li (2003) described how Taiwan's venture capital industry originated and then flourished in the late 1990s because of its close linkages to Silicon Valley. Initiation or change of institutions can also come from institutional entrepreneurs (DiMaggio 1988) , such as the marketing manager for a computer firm who started the 104 Job Bank, the first Internet-based professional headhunter for engineers and managers in Taiwan. A comprehensive understanding of the relationships between institutional infrastructures for innovation and business groups deserves a sustained treatment that is beyond the scope of this paper. 23 We hope future studies will untangle these relationships.
Overall, our study confirms that business groups facilitate innovation, especially when institutional infrastructures for innovation are weak. We demonstrate that a firm's institutional environment systematically affects its innovativeness. Our results highlight why we need to understand how institutional factors, including business groups, help emerging economies become more innovative.
Organization Science 17(5), pp. 637-656, © 2006 INFORMS 19 We do not show logit splitting regression models from ZINB, which separate observations whose patent outcome would be always zero (Regime 1 in the usual terminology) from the rest of the sample. These results are available on request. 20 To the extent that institutional changes are often gradual, we shifted the cut-off year of comparison from 1994 to 1997 to assess how sensitive our results are to how we defined the time periods. The coefficients of the group dummy variables become more positive and significant the closer we move the cut-off year to 1994. 21 The presample mean in Model (5) was negatively significant, which might reflect the fact that many highly innovative firms in Taiwan did not exist or were young and therefore registered only a few U.S. patents during 1980-1990. We believe a firm's own patent stock variable also helps control for unobserved firm heterogeneity. 22 Results are available on request. 23 Following a reviewer's suggestion, we performed a robustness test by calculating an endogeneity-control factor from a pooled sample of Korean and Taiwanese firms, and then plugging it into our regressions. This factor was insignificant in most regressions, and the coefficients of other variables did not change, suggesting that endogeneity does not affect our results.
